A search is presented for physics beyond the standard model (BSM) in events with a Z boson, jets, and missing transverse energy (E miss T ). This signature is motivated by BSM physics scenarios, including supersymmetry. The study is performed using a sample of proton-proton collision data collected at √ s = 7 TeV with the CMS experiment at the LHC, corresponding to an integrated luminosity of 4.98 fb −1 . The contributions from the dominant standard model backgrounds are estimated from data using the jet-Z balance technique. In the absence of evidence for BSM physics, we interpret the results in the context of simplified model spectra.
Introduction
We describe a search [1] for Physics beyond the Standard Model (BSM) in a sample of pp collisions collected by the Compact Muon Solenoid (CMS) detector [2] at the Large Hadron Collider (LHC), at a center-of-mass energy of 7 TeV. The size of the data sample corresponds to 4.98 fb −1 . We search for final states with a Z boson, jets and missing energy (E miss T ) where the Z boson decays to electron or muon pairs. The most significant Standard Model (SM) backgrounds in this final state are Z+Jets processes and tt production. The former is the most challenging since it peaks in the mass distribution of the two leptons and can have apparent missing energy due to detector resolution and reconstruction effects. After suppressing the Z+Jets contribution the latter becomes more important. To estimate the tt background we exploit lepton universality, which allows us to use a control sample of eµ events as well as events in the sidebands of the dilepton mass distribution. We select events with two opposite sign leptons with p T >20 GeV. The dilepton system is required to have an invariant mass consistent with the mass of the Z boson. We select jets with p T >30 GeV and |η| <3.0.
JZB Search
The JZB variable is defined in the xy plane as
Thus JZB variable measures the imbalance between the p T of the reconstructed Z boson and that of the hadronic system. In SM Z+Jets events, the JZB distribution is approximately symmetric about zero, while for BSM physics it may be asymmetric, due to correlated production of the Z boson and invisible particles. Five signal regions are defined by requirements on the JZB event variable, from JZB>50 GeV to JZB>250 GeV in steps of 50 GeV. The signal region in the invariant mass distribution is defined as |m ll − m Z | < 20 GeV. We search for BSM events where the Z boson is the decay product of a heavier (parent) particle of mass m M and is produced in conjunction with an undetectable decay product of mass m X , which gives rise to E T . Let p * be the characteristic momentum of the decay products in the rest frame of the parent particle. If the parent particle has a mass of the order of the electroweak scale, m M ∼ O(m X +m Z ), p * is small, and p * can be smaller than the laboratory momentum of the parent. In that case, the daughter particles all appear in a tightly collimated angular region, the transverse momenta of the Z and invisible particle are balanced by the other particles in the decay chain, and large values of JZB can ensue. An example of such a decay chain isg →q +q →q + q + χ 0 2 →q + q + Z + χ 0 1 , whereg,q, and χ 0 1,2 are the gluino, squark, and neutralino supersymmetric particles. The balance between the jet system and the Z + E T system leads to large, positive JZB in events where E T and the Z boson are pair-produced. On the other hand, SM Z+Jets events populate the JZB>0 and JZB<0 regions evenly. The principal SM backgrounds are divided in two categories. Backgrounds that produce oppositeflavor (OF) pairs (eµ, µe) as often as same-flavor (SF) pairs (ee,µ µ) are referred to as "flavor-symmetric backgrounds". This category is dominated by tt processes. Backgrounds with two SF leptons from a Z boson are referred to as "Z boson backgrounds". This category is dominated by SM Z+Jets production. Three non-overlapping data control regions are used to predict the contribution of flavor-symmetric backgrounds: (a) OF events compatible with the Z boson mass hypothesis (referred to as "Z-peak region"), (b) OF events in the sideband of the Z boson mass peak, and (c) SF events in this sideband. The sideband region is defined as the union of 55 < m ll < 70 GeV and 112 < m ll < 160 GeV. it is chosen so that it includes the same number of events as the Z-peak region in tt simulation. The two OF data control samples are compared in the region 30 GeV < |JZB| < 50 GeV, which is outside the signal regions and has little contribution from signal or Z → ττ + jets. The event yields from the two data control samples in this region are found to be in good agreement with each other and with expectations from the MC simulation. The total contribution from flavor-symmetric backgrounds in the signal region is computed as the average of the yields in the three data control regions, as they provide independent estimates of the same background process. SM backgrounds with a reconstructed Z boson are estimated using the negative JZB region after subtraction of flavor-symmetric backgrounds. This procedure relies on the fact that Z+Jets events with three or more jets evenly populate the negative and positive sides of the JZB distribution Other backgrounds, though less significant, are also accounted for in these estimates. Contributions from the SM W Z and ZZ processes are incorporated into the Z+Jets estimate, since in these events the E T and the Z boson candidates do not share the same parent particle. The background estimate from OF pairs accounts for WW , Z → ττ, and single-top production. Finally, events with one or more jets reconstructed as electrons or non-isolated leptons (from QCD multijet, γ + jets, or electroweak processes) are accounted for by the background estimate from the sideband control regions. The overall background prediction method is validated using a simulated sample including all SM backgrounds, with and without the inclusion of LM4 signal events. The comparison between the true and predicted distributions is shown in Fig. 1 for the two cases. We find that there is good agreement in the background-only case, while good sensitivity to a possible signal remains. The comparison between the observed and predicted distributions is shown in Fig. 2 . No significant excess is observed.
Interpretation
In the absence of a significant excess, we set upper limits on the production cross section of SMS models [3, 4, 5] , which represent decay chains of new particles that may occur in a wide variety of BSM physics scenarios, including SUSY. We provide cross section upper limits in the parameter space of these models, and exclude a region of the parameter space assuming reference cross sections and a 100% branching fraction to the final state under consideration (the Z boson is allowed to decay according to the well-known SM branching fractions). Figure 3 illustrates the process considered in this study: two gluinos are produced, each of which decays to a pair of jets and the second-lightest neutralino χ 0 , which itself decays to a Z boson and To interpret these limits in terms of the gluino pair-production cross section, we use a reference cross section σ NLO−QCD which corresponds to gluino pair-production in the limit of infinitely heavy squarks, calculated at NLO using PROSPINO [6] and the CTEQ6 [7] PDFs. Figure 4 shows the 95% CL upper limits on the total gluino pair-production cross section. Figure 4 : Limits on the SMS topology described in the text: 95% CL upper limits on the total gluino pair-production cross section. The region to the left of the solid contour is excluded assuming that the gluino pair-production cross section is σ NLO−QCD , and that the branching fraction to this SMS topology is 100%. The dotted and dashed contours indicate the excluded region when the cross section is varied by a factor of three. The signal contribution to the control regions is taken into account.
Summary
We have performed a search for BSM physics in final states with a leptonically-decaying Z boson, jets, and missing transverse energy. The jet-Z balance method is used to suppress the dominant Z+Jets background and to estimate the remaining background from data control samples. Backgrounds from tt processes are estimated using opposite-flavor lepton pairs and dilepton invariant mass sidebands. We find no evidence for anomalous yields beyond standard model (SM) expectations. The results are interpreted in the context of simplified model spectra.
